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Transcriptional responses to the activation of a signalling pathway are
cell-specific. New data show that the sequence-specific transcriptional
repressors of the KEN/BCL-6 family play an important role in the
selection of STAT targets in vertebrates and invertebrates, indicating
that all STAT proteins may share this ancestral mechanism.James Castelli-Gair Hombría and
Sol Sotillos
Signalling pathways
transcriptionally activate a wide
array of target genes, but not all of
the possible target genes of a
pathway are activated in every
cell. Rather, the particular subset
of genes activated depends on
the stage of development,
physiological conditions and cell-
type. In general, this activation
specificity is conferred by other
molecules — generally
transcription factors. For instance,
activation of a pathway in the
mesoderm activates mesodermal
target genes, while activation in
the ectoderm activates
ectodermal genes, due to
mesoderm- and ectoderm-
specific cofactors. The problem
gets more complicated when both
cell types are very similar and
thus are likely to express identical
cofactor molecules. What confers
specificity in such cases?
The JAK/STAT Signalling
Pathway
A good system to study specific
target activation is the JAK/STAT
signalling pathway. This pathway
has been conserved through
evolution and plays crucial roles in
development and homeostasis [1].
In vertebrates, where the pathway
has been well studied because ofits importance for development of
the immune system, it is still not
clear how cell specific responses
are achieved. Here, the differential
use of the myriad of receptors,
JAK kinases, STAT transcription
factors and transcriptional co-
factors has been invoked. Several
papers [2–5], the most recent [5]
in Current Biology, show an
alternative way for target selection
involving the KEN/BCL-6
sequence-specific transcriptional
repressor family has been
conserved during evolution.
The Drosophila JAK/STAT
pathway (Figure 1) is a slimmed
down version of its vertebrate
counterpart, as it entails only
three cytokine ligands, one main
receptor, a single JAK kinase and
one STAT transcription factor
(reviewed in [6]). During
development, the redundant
ligands, UPD and UPD2, are
expressed in overlapping patterns
and activate a number of genes in
various tissues [7,8]. In
Drosophila, a number of pathway
target genes can be taken as
tissue-specific readouts for STAT
activation. Among them are
socs36E, a negative feedback
regulator of JAK/STAT signalling
and vvl, a gene encoding a
transcription factor expressed in
most of the ectoderm epithelial
derivatives and that is activated
by STAT in the hindgut ectoderm[9,10]. Although both genes are
activated by the JAK/STAT
pathway, they are expressed in
different cell types. To simplify we
will concentrate on two regions of
the embryo: the hindgut and the
posterior spiracles. While UPD
activates both targets in the
hindgut, only socs36E is activated
in the posterior spiracles. Why is
vvl, an otherwise widely
expressed ectodermal gene, not
activated by JAK/STAT in the
spiracles? Ken and Barbie (ken), a
gene homologous to the
vertebrate transcriptional
repressor family BCL-6, can
explain this behaviour [5]. The
name of the gene comes from the
absence of external genitalia in
Ken and Barbie mutants [11].
KEN/BCL-6, a Sequence-Specific
Repressor Family
In vertebrates, BCL-6 is
responsible for many cases of
diffuse large cell lymphomas and
has been shown to interfere with
STAT6-induced transcription [12].
Arbouzova et al. [5] have identified
KEN as the ortholog of BCL-6 in
Drosophila. KEN and BCL-6 are
DNA-binding zinc-finger proteins
containing a BTB (also known as
POZ) domain. The BTB and a
second less well characterised
domain in BCL-6 can confer
transcriptional repressor
characteristics to a heterologous
DNA-binding protein [2]. The
consensus DNA-binding
sequences of KEN and BCL-6 zinc
fingers have been determined.
Although the consensus varies for
each family member, it always
includes the GAAA motif [2,5,13], a
sequence overlapping many of the
putative STAT-binding potential
sites (concensus sequence:
TTCN(N)NNGAA) [3,5,12]. STAT6
Dispatch    
R99Figure 1. KEN/BCL-6 regulation of STAT targets.
Schematic representation of two cells where the pathway is active, one in the hindgut
(left) and another in the posterior spiracle (right). In both cells Unpaired (UPD) binding
activates the homodimeric receptor Domeless (DOME), activating the JAK kinase which
phosphorylates STAT. STAT can now dimerise, translocate to the nucleus and bind to
specific TTCnnnGAA DNA sequences (grey boxes) in the regulatory regions of target
genes such as vvl and socs36E. The outcome of STAT activation is different in these
two cells due to the expression of the transcriptional repressor KEN/BCL-6 in the spir-
acles, where it can bind to the overlapping GAAA sequences of some STAT-binding
sites hindering STAT’s binding and modifying the chromatin conformation.
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Current Biologyand BCL-6 have been shown to
compete for a subset of their DNA-
binding sites for several vertebrate
targets in cell culture and in vitro
[14]. Now Arbouzova et al. [5],
using a reporter construct
containing multimerised
overlapping STAT- and KEN-
binding sites, show in cell culture
that KEN can also compete with
STAT for reporter activation in
Drosophila. KEN’s ability to
compete with STAT activation of
the reporter construct is abolished
by mutation of the bases
specifically bound by KEN [5].
As predicted by this
observation, KEN can repress a
subset of putative STAT targets in
vivo. Among the targets KEN can
repress is vvl but not socs36E.
Interestingly, KEN is expressed in
the posterior spiracles but not in
the hindgut, which could explain
why vvl is activated by STAT
exclusively in the hindgut (Figure
1). That vvl is coregulated by
STAT and KEN is suggested by
the observation that vvl’s
upregulation in the spiracles of
ken mutants depends on UPD.The evolutionary implications of
this study are very interesting.
First, the conservation of this
competition mechanism in
Drosophila suggests that, besides
STAT6, the other vertebrate STATs
are likely to be regulated by BCL-
6. Second, despite BCL-6 and
KEN’s consensus being slightly
different, both can compete with
STAT activation, suggesting that
this regulatory strategy was
present in the proto JAK/STAT
pathway. And third, this type of
regulation is very plastic. A STAT
target could easily become — or
stop being — repressed by
KEN/BCL-6 in two ways: either in
a cell-specific manner by slight
changes in KEN/BCL-6’s spatial
expression; or globally, after a few
base mutations that do not affect
STAT binding.
Mechanism of Repression by
KEN/BCL-6
BCL-6 can interact directly with
several transcriptional
corepressors [14]. Through the
BTB domain, BCL-6 can both
homodimerise and interact withSMRT and the histone
deacetylase HDAC-1. Through its
central domain, BCL-6 can
interact with mSIN3A [15–17]. The
recruitment of a
SMRT/mSIN/histone deacetylase
complex suggests that KEN/BCL-
6 could be repressing STAT
targets through chromatin
modification [16]. Also, STAT itself
could be a direct target for HDAC,
as it has been shown that stable
dimerisation of STAT3 requires
acetylation on a lysine residue
which can be reversed in vitro by
HDAC [18]. A third, non exclusive
possibility is that KEN/BCL-6
directly blocks STAT binding to its
targets, something that would
explain why HDAC inhibitors
cannot completely abolish BCL-
6’s repressive activity [16]. In
summary, these new data from
Drosophila add to our
understanding of how an interplay
between positive transcriptional
co-factors with transcriptional
repressors refines the pleiotropy
of JAK/STAT pathway activation
into specific cellular responses.
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DOI: 10.1016/j.cub.2006.01.021photoreceptor proteins from the
fruit fly Drosophila were
coexpressed in neurons, with
light-activated rhodopsin coupling
to a G protein, which in turn
activates phospholipase C (PLC),
leading to opening of non-
selective cation channels in the
plasma membrane by a PLC
product. Proof of principle came
from the demonstration of light-
evoked action potentials in
cultured mammalian neurons.
But the application of these
techniques to control neuronal
function, especially in neural
circuits and living animals, is
limited by their relatively slow
activation time course and the
complexity of the constructs that
have to be co-expressed. More
recently, Lima and Miesenbock
[6] demonstrated that another
approach works in the whole
organism, in this case the fruit fly
Drosophila: they expressed ATP-
gated cation channel P2X2 in
transgenic flies, and
microinjected chemically caged
ATP into the CNS of adults;
uncaging of this compound by
laser light activated the P2X2
channels which evoked
predictable behaviors (Figure 1B).
In a somewhat macabre, but
more impressive, experiment,
such laser light pulses provoked
flight even in decapitated flies,
engineered to express P2X2
channels in the giant fiber system.
Interestingly, these experiments
indicated that even a truly artificial
activity input command into an
